The purpose of this study was to examine high density lipoprotein cholesterol (HDL-C) levels in a sample of community-living women and men who consumed 1 drink of alcohol/day or less. Self-reports of alcohol consumption and clinical assessments of plasma lipid and lipoprotein levels were obtained twice, at 12 months apart. Among men, consumption of 1 drink/day or less was unrelated to levels in HDL-C. In contrast, among women alcohol consumption throughout this relatively low consumption range was positively associated with HDL-C levels. These findings indicate that the association of alcohol and higher levels of HDL-C may occur at lower intakes of alcohol in women than in men. (Circulation 1991;83:176-180) Several studies indicate an inverse relation between alcohol intake and coronary heart dis- are associated with lowered coronary heart disease risk accrues from studies on alcohol consumption and high density lipoprotein cholesterol (HDL-C).9-11 HDL-C is involved in the removal of cholesterol from the tissues and its transport to the liver for metabolic disposition (i.e., reverse cholesterol transport). Prospective studies have shown that increments in HDL-C levels are linked to significant decreases in coronary heart disease risk and cardiovascular mortality rates among women and men.12 Two recent reports indicate that about one half of alcohol's protective effect at low doses against coronary heart disease appears to be mediated by increased HDL-C levels; the other one half is presumably mediated by unknown factors.13,14 Although alcohol intake has been associated with increases in the protective HDL-C in both sexes, it is not clear whether the same amounts of alcohol that have been associated with increased HDL-C among men are also necessary to detect an increase in HDL-C among women. For example, when men's HDL-C levels by alcohol groups are compared with those of women's, the HDL-C levels of women appear to be more strongly related to lower doses of alcohol than those of men.9 The difference in HDL-C levels between persons consuming no alcohol and those consuming 1-3 oz/wk (equivalent to approximately 2.5-7.5 glasses of wine/wk) was 3.38 mg/dl for men and 6.61 mg/dl for women. Also, the slopes for regression analysis of HDL-C levels and alcohol consumption (0-40 mg/day) appear steeper among women than among men in two studies.10,15 This
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The purpose of the present study was to determine whether alcohol consumption in the low range (1 drink/day or less) is associated with significant increases in HDL-C levels among women but not among men.
Methods
The population consisted of 233 community-living, middle-class families in Portland, Oregon, who were enrolled in the Family Heart Study, which was a 5-year dietary intervention program designed to reduce plasma lipid and blood pressure levels. The subjects for the present study were 449 adults (older than 21 years of age), from whom relevant personal, demographic, and clinical information was obtained. Data from pregnant and lactating women (n =9), persons undergoing surgery (n = 1), and persons reporting that they had "a problem with alcohol" (n=20) were Plasma lipid levels in our study were determined from fasting (i.e., no food or drink for 12 hours before study) venous blood samples and have been described in detail by Connor et al. 16 Plasma lipid fractions were measured according to procedures established by the Lipid Research Clinics of the National Heart, Lung, and Blood Institute.20 HDL-C level was estimated in total plasma after precipitation of the apolipoprotein B-containing lipoproteins (VLDL and HDL) by heparin-manganese chloride. HDL-C concentrations are expressed as milligrams per deciliter of whole plasma. The mean values of the three measurements taken at weekly intervals during baseline assessment period and the single assessment at the 12-month follow-up period were used in the data analyses.
The body mass index was calculated as weight (kg) divided by height (m2n) and is used as a measure of weight adjusted for height. All variables were assessed twice, at baseline and again at the 12-month follow-up to increase the confidence in our findings. The relation of alcohol consumption to HDL-C level was evaluated by analysis of variance, simple regression, and multiple regression analyses.2'
Results

Baseline Data
The subjects in our sample had risk factor levels representative of US populations of the same mean age. For example, the mean+SD for total plasma cholesterol among women was 191+38 mg/dl and among men 197±39 mg/dl. The mean±SD HDL-C level for women was 56+±12 mg/dl and for men 47±11 mg/dl. The mean weight for women was 63.6±14 kg and for men 78.9±11.7 kg. The mean body mass index for women was 23.5 ±5.2 kg/iM2 and for men 24.9+3.3 kg/iM2. Men reported consuming more drinks of alcohol per month (mean, 41.1+56.6; range, 0-276) than did women (mean, 18.6±35.1; range, 0-243). Five men and six women reported smoking 25 cigarettes/day or more. Twenty-nine participants reported being on a regimen of either estrogen replacement or steroids, and 10 reported taking oral contraceptives. Two men reported taking "drugs to lower cholesterol." HDL-C Levels Initial analyses were based on data from the entire sample of 220 women and 199 men. Pearson's correlation coefficients between number of drinks consumed per month and HDL-C levels were significant for both women and men (r=0.21, p<0.001; r=0.16, p<0.01, respectively). These correlations were similar to those reported by Castelli et al.9
To further elucidate the nature of this relation, the entire sample was divided into three groups of alcohol consumption levels: individuals consuming 4 4 drinks/mo or less had the lowest levels of HDL-C (mean, 53 mg/dl), followed by those reporting between 5 and 30 drinks/mo (mean, 58 mg/dl), and then by those reporting 31 drinks/mo or more (mean, 63 mg/dl). Among men, only those reporting 31 drinks/mo or more had significantly different HDL-C levels (mean, 50 mg/dl) from the other two groups (Newman-Keuls, p<0.05; the latter two means were 46 mg/dl).
To further examine sex differences in the relation of relatively low alcohol consumption with HDL-C level, regression analyses21 were conducted for those reporting 30 drinks/mo or less. Furthermore, data from subjects who smoked 25 cigarettes/day or more and from those who reported taking cholesterollowering drugs, estrogen replacements, steroids, or oral contraceptives were excluded from the analyses. After exclusion, 177 women (before exclusions, 187) and 114 men (before exclusions, 128) remained in the study. The covariates were body mass index, age, alcohol units, and the dummy variable for sex (male versus female). Included also were variables to measure interaction with sex (i.e., age by sex, body mass index by sex, and alcohol by sex). The F test indicated that there were significant higher-order terms by sex.
Stepwise deletion of nonsignificant terms (p>0.10) resulted in a model that included a sex-by-body mass index interaction (p=0.003) and a sex-by-alcohol interaction (p<0.05). This model was then analyzed separately by sex. The results are presented in Table  1 . Although alcohol intake was a significant predictor of women's HDL-C levels (p<0.01), it had no effect on men's HDL-C levels (p>0.75).
Results Based on the 12-Month Follow-up Data
Validation was performed by considering the 12-month results, using the same exclusion criteria as described above. Again, a model with age, alcohol, body mass index, and all two-way interactions with sex were considered. In these analyses, the sex-body mass index interaction was no longer significant (p>0.10). However, the interaction of sex with alcohol was maintained (p=0.02). Analyses were, therefore, performed separately by sex and are presented in Table 1 . As can be seen, the difference between women and men with respect to the effects of alcohol is most consistent throughout; alcohol intake was a significant predictor of women's HDL-C levels (p<0.01) but not of men's HDL-C levels (p>0.57).
One problem with the interpretation of these results may be that women weigh less than men, and, therefore, a given level of alcohol intake represents a higher dose of alcohol per kilogram of body weight in women than in men. That is, the greater effect of alcohol on HDL-C level among women may be a function of the greater dose relative to their body weight. To test this possibility, the regression analyses described above and presented in Table 1 were repeated using a "dose" variable. This variable was computed by dividing the number of drinks per month by the individual's weight in kilograms. At baseline, alcohol consumption, expressed as a dose, when included with age and body mass index, was a significant predictor of HDL-C levels among women (p<0.003) but not among men (p>0.60). At the 12-month follow-up, the alcohol dose term was again significant in women (p<0.003) but not in men (p>0.56).
Discussion
The present study examined sex differences in the relation of alcohol intake to HDL-C levels for a relatively low range of alcohol consumption. Women consuming 5-30 drinks/mo had significantly greater levels of HDL-C than did women who consumed 4 drinks/mo or less. Among men, increased levels of HDL-C were only found among those who consumed 31 drinks/mo or more. This sex difference in the association of low-level drinking with HDL-C persisted after statistical adjustment for differences in age and body mass and also after deletion of data from heavy smokers, hormone users, and cholesterollowering drug users; at the 12-month follow-up, this sex difference was replicated.
The In sum, the present study found that consumption of relatively small amounts of alcohol was positively associated with HDL-C levels in women but not in men. However, considering the potential harmful effects of alcohol on health,3839 we suggest that the results of this study should not be interpreted as a general recommendation for alcohol intake to decrease coronary heart disease risk. If people choose to use alcohol, their intake should be governed in accordance to sex, coronary heart disease risk, and history of drinking behavior.
